The efficacy and safety of a chronotherapeutic, graded-release diltiazem HCl extended-release (GRD) 120-, 240-, 360-and 540-mg dose administered once-daily at bedtime (10 PM) were evaluated in a 7-week randomized, double-blind comparison to placebo and to GRD 360 mg administered once-daily at 8 AM in 478 patients with moderate-to-severe essential hypertension.
R
esults of several large epidemiologic studies have shown that there is an increased incidence of nonembolic stroke, 1,2 silent myocardial ischemia, 3, 4 myocardial infarction, 1, 5, 6 and sudden cardiac death 1, 7, 8 in the early morning period, between 6 AM and 12 noon. This peak incidence of cardiovascular events coincides with the period of the early morning surge in blood pressure (BP) and heart rate (HR) in normotensive and hypertensive individuals. 9, 10 Although several potential triggers for cardiovascular events have been identified during the early morning period, there is growing evidence of an important association between the early morning surge in BP and myocardial ischemia. Consequently, this has led to the need to develop chronotherapeutic antihypertensive medications, which synchronize their antihypertensive effect with the body's circadian rhythm of BP, thereby optimizing control.
Recently, a new once-daily, graded-release formulation of diltiazem (GRD), designed to achieve maximum plasma levels between the critical morning hours of 6 AM and 12 noon when dosed at night has been developed. Pharmacokinetic studies comparing nighttime administration of GRD to morning administration of an identical dose showed peak plasma concentrations during the period 6 AM to 12 noon. 11 Because plasma concentrations of diltiazem are known to correlate with its antihypertensive effects, [12] [13] [14] the latter results suggest that GRD may be an ideal chronotherapeutic agent for the management of hypertension. To date, no chronotherapeutic diltiazem formulation has been approved for mar-keting in the United States by the Food and Drug Administration.
In this study, we have assessed four doses of GRD, 120-mg PM, 240-mg PM, 360-mg PM and AM, and 540-mg PM compared to placebo in stages II and III hypertension. 15 A unique feature of this study was a comparison of the safety and efficacy of 360-mg dosed PM and AM, and a 540-mg dose of diltiazem.
Methods

Study Design
A total of 39 centers in the United States participated in this randomized, double-blind, parallel-group, dose-response, placebo-controlled, multicenter study. The study protocol and amendments were approved by an appropriately constituted central or local Institutional Review Board. The study consisted of an initial screening period followed by a 3-to 4-week single-blind, placebo run-in period. Thereafter, patients were randomized to receive either placebo or active treatment (GRD-Biovail Laboratories, Steinbach, Manitoba, Canada), for a 7-week double-blind treatment period as follows: placebo, GRD 120-mg PM, GRD 240-mg PM, GRD 360-mg AM, GRD 360-mg PM, or GRD 540-mg PM in a ratio of 1:1:1:1.5: 1.5:1 by telephone from an Interactive Voice Response System (IVRS). Patients randomized to 540 mg had an initial 1-week titration period on 360 mg, followed by forced titration to 540 mg from weeks 2 to 7. Patients randomized to the remaining groups received their respective doses throughout the 7-week treatment period.
Study medications were taken each morning at 8 AM Ϯ1 h (360-mg AM only) and evening at 10 PM Ϯ1 h. Patients were evaluated for safety and efficacy at weekly intervals during the run-in and titration periods, and at 2-week intervals during the double-blind treatment period.
Patients
Adult male and female patients, aged 18 to 70 years, with moderate-to-severe essential hypertension who gave written informed consent were included into the study if their average seated systolic blood pressure (SBP) was Ͻ200 mm Hg and mean seated diastolic blood pressure (DBP) was Ն100 mm Hg and Յ114 mm Hg at rest on 2 consecutive weeks during the run-in period. Furthermore, the average seated DBP readings at the two qualifying visits could not vary by more than 7 mm Hg. In addition, patients were eligible for randomization only if their mean daytime (8 AM to 4 PM) DBP by ambulatory BP monitoring (ABPM) was Ն90 mm Hg and Յ114 mm Hg at baseline.
Patients were excluded from the study if they had a recent history of serious cardiovascular or cerebrovascular events, secondary hypertension, or any serious chronic or uncontrolled medical conditions. In addition, nightshift workers and patients with a known sensitivity to diltiazem were excluded.
Measurements of BP and HR
A 36-h ABPM was performed on each patient at baseline and at the end of the double-blind treatment period using a Spacelabs 90207 monitor (Spacelabs, Inc., Redmond, WA). The ABPM monitor was applied to the patient's nondominant arm at 6 PM Ϯ1 h, and the patients were instructed to dose this medication at 10 PM Ϯ1 h that night, and to return to the clinic the next morning at 8 AM Ϯ1 h to have the monitor checked. The next morning trough office cuff seated BP measurements were obtained at 8 AM Ϯ1 h. The ABPM was programmed to take one measurement every 20 min during the 24-h interval. The patient returned to the clinic again the following morning (after 36 h of ABPM application) at 8 AM Ϯ1 h to have the monitor removed and the recorded data downloaded.
In addition, seated office BP measurements were taken at all clinic visits. The average of three BP measurements taken 2 min apart after the patient had been sitting quietly for 5 min was used. Seated HR was measured after the second BP determination. Office cuff BP measurements were obtained at 6 PM Ϯ1 h (trough for PM dosing) and at 8 AM Ϯ1 h (trough for AM dosing) on the days ABPM was performed.
Efficacy Parameters
One primary measure of efficacy was the change from baseline to end point in trough DBP, recorded between 6 PM and 10 PM by ABPM, for the evening GRD treatment groups (GRD 120 mg, 240 mg, 360 mg PM and 540 mg) compared with placebo. The co-primary was the change from baseline to end point in mean DBP recorded by ABPM between 6 AM and 12 noon for GRD 360 mg AM compared to 360 mg PM. Twelve secondary efficacy variables assessed the changes from baseline to end point in SBP, DBP, and HR by ABPM and clinic measurements, for the periods 4 AM to 8 AM, 6 AM to 12 noon, 6 PM to 10 PM, and the overall 24-h mean.
Responder rates were also determined for BP values assessed by office cuff sphygmomanometry. The DBP responder rate was defined as the proportion of patients achieving a mean DBP Ͻ90 mm Hg at end point or a decrease of at least 10 mm Hg from the baseline mean DBP; SBP responder rate was defined as the proportion of patients achieving a mean SBP Ͻ140 mm Hg at end point or a decrease of at least 10% from the baseline mean SBP.
Statistical Analysis
All statistical analyses were performed using SAS Version 6.12 or higher (Statistical Analysis System Institute, Inc., Cary, NC). Intent-to-treat analyses of efficacy data were performed. Separate analysis of covariance (ANCOVA) models were used to analyze each continuous primary and secondary efficacy variable, using the change from baseline to end point as the dependent variable, treatment and study site as the main effects, and baseline BP included as a covariate. The treatment-by-baseline and treatment-bysite interactions were examined. Multiple comparisons between the placebo group and each active treatment group were made using Dunnett's test. Responder rates were summarized by counts and percentages, and compared between treatment groups using Fisher's exact test.
Sample size was determined based on the change from baseline to end point in the mean DBP between 6 AM and 12 noon as measured by ABPM between the GRD 360-mg PM and 360-mg AM treatment groups. Assuming a common standard deviation of 8 mm Hg, it was estimated that 99 patients in each 360-mg group (AM and PM) and 66 in each of the other groups will provide greater than 80% power to detect a mean difference of 4 mm Hg between the two 360-mg groups, and a mean difference of 5 mm Hg between the rest of the groups at the 0.05 level of significance. Hence, 462 patients were planned for randomization.
Results
Patient Disposition
A total of 478 patients were randomized and received at least one dose of study medication; overall, 429 (89.1%) of these patients completed the study. The patient demographics and baseline characteristics are summarized in Table 1 . The most common reason for premature withdrawal from the double-blind period was an adverse event, in 3.2% of GRD-treated patients and 4.3% of placebotreated patients. Other reasons for withdrawal included noncompliance, withdrawal of consent, and lack of efficacy.
Efficacy Results
Blood Pressure
The mean Ϯ SD reductions in trough SBP, DBP, and HR measured by ABPM between 6 PM and 10 PM in all treatment groups are summarized in Table 2 . The mean reductions in trough DBP were dose related and were statistically significant for the GRD 240-mg (P Ͻ .0001), 360-mg (P ϭ .002), and 540-mg (P Ͻ .0001) groups. The largest mean reduction in trough DBP was observed in the 540-mg group. Similarly, there were doserelated, mean reductions in trough (6 PM to 10 PM) SBP from baseline to end point for all evening GRD groups (Table 2) , which were only statistically significant for the GRD doses greater than 120 mg. The 540-mg group also showed the greatest reduction. The greater reductions in BP observed for the 240-mg dose (DBP: Ϫ5.3 mm Hg; SBP: Ϫ8.1 mm Hg) compared with the 360-mg PM dose (DBP: Ϫ3.3 mm Hg; SBP: Ϫ4.6 mm Hg), may be due to significant baseline BP differences between the two groups. There was a 5 mm Hg difference in DBP and a 7.5 mm Hg difference in SBP between the two groups ( Table  1) . This is especially likely because with diltiazem, the extent of the BP reduction is related to the severity of the baseline hypertension. 12, 16, 17 The least squares mean results, adjusting for baseline differences, confirmed the dose-related reductions in trough DBP and eliminated the latter difference in the responses observed between the GRD 240-mg and 360-mg PM treatment groups. The least squares means for the change from baseline to end point in trough DBP were: Ϫ1.92 mm Hg, Ϫ4.26 mm Hg, Ϫ4.38 mm Hg, and Ϫ8.02 mm Hg, respectively, for GRD 120-, 240-, 360-mg PM and 540-mg treatment groups (Fig. 1A) . Similar least squares mean results were obtained for the corresponding change from baseline to end point in trough SBP (Fig. 1A ).
There was a significant difference between the GRD 360-mg PM and 360-mg AM groups in the mean change from baseline to end point in DBP measured by ABPM between 6 AM and 12 noon ( Table 2 ). The least squares mean for treatment difference was Ϫ3.30 mm Hg (P ϭ .0004) for DBP (Fig. 1B) . For SBP, similar results were obtained (Table 2 ) with a least squares mean for treatment difference of Ϫ5.32 mm Hg (P ϭ .0004) in favor of the PM treatment group (Fig. 1B) . In addition, there was a significant (P Ͻ .0001), dose-related increase in the antihypertensive effect observed between 6 AM and 12 noon for all the GRD evening doses with the 540-mg group showing the greatest effect (Fig. 1B) .
The 24-h DBP ( Fig. 2A ) and SBP (Fig. 2B) profiles for the GRD 360-mg PM, 360-mg AM, and placebo treatment groups obtained by ABPM after 7 weeks of treatment, using the mean hourly values, showed bedtime administration of GRD provided the greatest antihypertensive effect, for DBP and particularly SBP, during the critical morning period (about 6 AM to 12 noon) and the least effect during the hours of 2 to 4 AM, when BP is at its lowest. The lower reductions in the 24-h mean DBP and SBP for the GRD 360-mg AM group compared to the 360-mg PM group (Table 2) can similarly be attributed to the lower baseline BP values of the PM group, as shown previously in other reports. 18, 19 The DBP responder rates achieved for all GRD treatment groups above the 120-mg dose were significantly (P Ͻ .05) higher than those observed for placebo (Fig. 3) . For SBP, only the GRD 240-mg and 540-mg treatment groups achieved significantly higher responder rates compared to placebo. The SBP responder rates for the 360-mg groups did not achieve statistical significance, probably because the significantly lower baseline BP values (Table 1) reduced the extent of the antihypertensive response. 16, 17, 19 Overall, the largest responder rates were observed in the 540-mg treatment group and were 73.4% for DBP and 67.2% for SBP. Between the 360-mg PM and 360-mg AM groups, the responder rates were similar.
Heart Rate There were dose-related mean reductions in HR from baseline to end point during the time periods assessed (Table 2) , with the greatest reductions seen during the 6 AM to 12 noon period. The mean reductions in 24-h HR were only significant (P Ͻ .05) for the GRD doses above 240 mg. Compared to placebo, only the mean 24-h reductions for the GRD 360-mg doses and higher were significant (P Ͻ .05). Between the 360-mg AM and PM groups, the 24-h mean reductions in HR were not significant.
Safety Results
Overall, 216 (45.2%) patients in the GRD treatment groups and 34 (49.3%) from the placebo group reported AE/s during the double-blind treatment period of the study. At least one AE was reported by 182 (44.5%) of the GRD-treated patients, compared to 34 (49.3%) of the placebo-treated patients. Incidence of AEs were 34 (49.3%), 21 (31.3%), 29 (42.6%), 50 (49.0%), 52 (50.5%), and 30 (43.5%), respectively, for the placebo, 120-mg, 240-mg, 360-mg AM, 360-mg PM, and 540-mg treatment groups. There were no apparent trends in the incidence of AEs between the treatment groups (Table 3) . Although the 540-mg dose was associated with the greatest reductions in SBP, DBP, and HR, the incidence of AEs observed was similar to that observed for the 240-mg treatment group, and lower than that observed for the placebo group. The most frequently occurring AEs reported previously overall for the combined GRD groups were similar to those reported for diltiazem, 17 and include headache (11.7%), upper respiratory tract infection (5.6%), and lower limb edema (5.4%). There were no episodes of bradycardia, and there were no episodes of first-degree atrioventricular block requiring discontinuation from the study in the GRD treatment groups. Clinical laboratory abnormalities observed in the GRD groups were consistent with those reported previously in the approved package insert for diltiazem.
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Discussion
The results of this study clearly demonstrate that GRD, a novel graded-release diltiazem HCl extended-release formulation, designed for once-daily nighttime dosing, reduces BP over the 24-h dosing interval in a dose-dependent fashion. The antihypertensive effect for SBP and DBP were significant for doses above 120 mg/day. Nighttime administration of GRD 360 mg was associated with significantly greater reductions in DBP (Ϫ3.3 mm Hg) and SBP (Ϫ5.3 mm Hg), during the period 6 AM to 12 noon compared to the same dose administered in the morning. The 24-h BP profiles obtained at the end of the 7-week treatment period confirm that GRD synchronizes its antihypertensive effect with the circadian variation of BP. These results confirm GRD as a chronotherapeutic antihypertensive agent that maximizes its effect during the period of early morning BP surge, which coincides with the reported peak incidence of nonembolic stroke, 1,2 silent myocardial ischemia, 3, 4 myocardial infarction, 1, 5, 6 and sudden cardiac death. 1, 7, 8 In addition, the smallest BP reduction occurred between 2 and 4 AM when BP is physiologically at its lowest level. The findings in this study confirm previous reports of a linear dose-response for the antihypertensive effects of different formulations of diltiazem over the dosage range 120 to 540 mg/day. 14, 16, 20 Furthermore, the high DBP response rate of 73% achieved in this study is similar to the 72% rate achieved for diltiazem in the VA Cooperative Study. 21, 22 In addition, the sustained 24-h antihypertensive effect after once-daily administration, and the timing of its maximum effect at the time of abrupt increase of BP after arising from overnight sleep are desirable features of an optimal antihypertensive formulation described in Sixth Report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure (JNC-VI). 15 Heart rate was similarly reduced in a dose-dependent fashion during the 24-h dosing interval in this study. The greatest reduction in HR occurred during the early morning post-awakening period. The combined reductions in SBP and HR may have beneficial clinical implications in reducing the SBP-HR product. 23, 24 The latter is a wellrecognized index of myocardial oxygen demand and has been shown to parallel silent myocardial ischemia. 25 In addition, the findings of the Framingham study reveal that the risk of developing cardiovascular disease in hypertensive patients and cardiovascular mortality increased in a continuous graded fashion with their accompanying increase in HR. 24, 26 These findings and the fact that increased HR is an underappreciated accompaniment of hypertension, suggest that antihypertensive agents that reduce the HR may be particularly beneficial in reducing hypertensive cardiovascular mortality. 24 The GRD was safe and very well tolerated across the dose range studied. Adverse events were qualitatively similar to those reported previously with other diltiazem formulations. 17 A most significant finding in this trial was, 
FIG. 3.
Responder rates based on seated office diastolic and systolic BP measured at trough (6 PM Ϯ1 h for PM dosing; 8 AM Ϯ1 h for AM dosing) for all treatment groups. Diastolic BP responder rate was defined as the proportion of patients achieving a mean diastolic BP Ͻ90 mm Hg at end point or a decrease of at least 10 mm Hg from the baseline mean diastolic BP. Systolic BP responder rate was defined as the proportion of patients achieving a mean systolic BP Ͻ140 mm Hg at end point or a decrease of at least 10% from the baseline mean systolic BP.
despite a dose-dependent reduction in BP, no obvious dose-related trends in the incidence of AEs observed. In fact, although the 540-mg dose was associated with the greatest reductions in BP and HR, the incidence of AEs was similar to that observed for the 240-mg dose group and lower than that observed for the placebo group. These findings are important in light of a recent review of the anomalies in the dosing of diltiazem, which revealed that: 1) physicians routinely use subtherapeutic doses of diltiazem for treating hypertension for reasons based on the history of its development; 2) previous studies investigating the efficacy of diltiazem formulations showed that 360 mg/day was the most commonly required dose (by 85% of patients) for complete control of hypertension compared to 240 mg/day for angina; and 3) the Physicians Desk Reference (containing Food and Drug Administration-approved products) states that 180 to 240 mg/day is the usual starting dose for diltiazem and titration up to 540 mg/day may be carried out. 20 That review also revealed that in contrast, the prescribing patterns of physicians showed that prescriptions of diltiazem for the treatment of hypertension were most frequently for the 240-mg capsule (43.3%), followed by the 180-mg capsule (28.7%), 120-mg capsule (9.8%), and only a total of 4.0% for the 360-mg strength. 20 In this study, we have demonstrated that further increasing the dose of diltiazem to 540 mg impressively reduces BP with a safety profile no greater than for much smaller doses of diltiazem.
In conclusion, we have demonstrated that GRD, a novel chronotherapeutic agent, when dosed once-daily at nighttime in a dose-dependent fashion, effectively reduces BP over the 24-h dosing interval in patients with moderateto-severe essential hypertension. Nighttime administration of GRD is associated with significant and clinically meaningful greater reductions in BP between 6 AM and 12 noon, the period of the early morning BP surge and clustering of adverse cardiovascular events, when compared to an identical morning dose. GRD was safe and well tolerated, and these results establish the 540-mg dose as another safe therapeutic option in patients with severe hypertension requiring additional BP control. Tables 1 and 2. 
